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Introduction
▼The Sos recruitment system (SRS) is a novel genetic
method for detecting protein–protein interactions. The sys-
tem is based on the ability of hSos, a Ras guanyl nucleotide
exchange factor (GEF), to activate Ras only when local-
ized to the plasma membrane (Ref. 1). Membrane local-
ization of hSos can be achieved by fusion of hSos to short
signal sequences which undergo a lipid modification, re-
sulting in direct protein anchoring to the plasma mem-
brane (Ref. 2). In budding yeast, Saccharomyces cerevisiae,
membrane-localized hSos bypasses the requirement for a
functional yeast Ras GEF, Cdc25. This permits the growth of
a cdc25-2 temperature-sensitive strain (Ref. 3) at the restric-
tive temperature, 36◦C (Ref. 1). Alternatively, interaction
between two hybrid proteins can result in hSos membrane
localization. The protein of interest (the bait) is fused to
hSos, whereas the target protein (the prey) is fused to the
membrane localization signal (Ref. 4). Protein–protein in-
teraction results in hSos membrane localization and Ras ac-
tivation, which in turn allows cell growth at 36◦C. The SRS
overcomes several of the limitations of the conventional
two-hybrid assay (Ref. 5) and represents an attractive alter-
native for identification of novel protein–protein interac-
tions (Ref. 6). Recently, it was shown that incorporation of
the mammalian GTPase activating protein (GAP) improves
the SRS screening procedure by reducing the number of Ras
GTPase false positives isolated in screening of mammalian
cDNA libraries (Ref. 7). This paper presents a basic protocol
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to screen for an interacting partner of a protein of interest
(bait) using the SRS.
Methods
Bait preparation
For screening purposes, the bait fusion to Sos should be pre-
pared on an ADNS (LEU)-based plasmid whereas the library
is constructed on a Yes (URA)-based plasmid.
The gene of interest can be cloned at either the N- or
C-terminus of 5′ Sos. For N-terminal fusions, the bait can
be cloned directly into ADNS-5′ Sos through HindIII–XmaI
(CCC GGG frame) sites. Alternatively, the bait can be
cloned C-terminal to 5′ Sos and this should be done us-
ing the BamHI site (XGG ATC CXX frame). However, since
ADNS contains two BamHI sites it is impossible to clone it
directly to ADNS. The bait should be cloned into the plas-
mid Yes-5′ Sos, and subsequently transferred to ADNS using
HindIII–NotI digestion.
Yeast strain and transfection
The genotype of the cdc25-2 yeast strain is: α, ura3, lys2,
leu2, trp1, his200, ade2-101, cdc25-2. This strain should be
grown at 24–25◦C.
In principle, transfection may be performed using any
standard protocol provided the cells are kept at 24◦C at all
stages, except for a 10-min heat shock (42◦C) step.
Transfection controls
Since the cdc25-2 mutation is a point mutation, rever-
sion of the mutation is possible. In order to estimate the
number of revertants and possible contaminants following
transfection, two controls should be included in every
transfection. The first is plating ∼106 cells (100 µl of culture
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FIGURE 1. Flow chart for Sos Recruitment screen, see text for details. Abbreviations: YPD, glucose-enriched media; Leu, leucine; Trp, tryptophan; Ura,
uracyl; Ynb, yeast nitrogen base media.
Table 1. Galactose media/500 ml
Constituent (manufacturer) Amount (g)
Yeast nitrogen without 0.85
amino acids (Difco; 0335-15-9)
Ammonium sulfate (Fisher Biotech; BP21R-1) 2.5
Galactose (Sigma; G-0750) 15
Raffinose (Sigma; R-0250) 10
Glycerol (Fisher Biotech; G33-4) 10
Bacto agar (Difco 0140-07-4)* 18
* The highconcentration of agar is important forefficient
replicaplating.
immediately prior to harvesting for transfection) on a YPD
plate incubated at 36◦C. This control provides an estimate
for the reversion rate of the original culture (10–20 colonies
should be expected). The second is a complete transfec-
tion of the appropriate expression plasmids plated on an
Ynb plate containing the corresponding amino acids and
bases. This plate should be incubated directly at 36◦C. No
colonies should grow on this plate. This control tests possi-
ble contaminations during the transfection procedure and
the possibility that a revertant cell can be transfected with
the corresponding plasmids and permit growth at 36◦C.
Colonies appear 3–4 days after transfection. Single
colonies are picked using a flat-head toothpick and streaked
on an Ynb plate (containing glucose and the appropriate
amino acids and bases) using a grid template (∼30 colonies
per plate) and grown at 24◦C for two additional days before
replica plating.
Media
Instructions for preparation of the various media needed
are given at the end of the text (Table 1).
Transformation protocol for cdc25-2
Grow cells to 2–10 × 106 cells/ml overnight (a single colony
into 200 ml YPD) at 24◦C. Cells are centrifuged for 5 min
at 2500 rev/min and washed twice with 20 ml of LISORB
[100 mM LiAc, 1 M sorbitol, TE (10 mM Tris pH 8.0, 1 mM
EDTA)].
Cells are resuspended in LISORB (2–4 ml) and rotated for
30 min at 24◦C.
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FIGURE 2. Galactose dependence test. Transformants that exhibit efficient growth at 36◦C are grown for 2 days at 24◦C and subsequently
replica-plated to galactose plates and YPD plates. Clones that grow efficiently on the galactose plate but not on the YPD plate are considered ‘candidates’
and are further analyzed.
Table 2. Ynb glucose media/500ml*
Constituent (manufacturer) Amount (g)
Yeast nitrogen without amino acids 0.85
(Difco; 0335-15-9)
Ammonium sulfate (Fisher Biotech; BP21R-1) 2.5
Glucose (Sigma; G8270) 10
Bacto agar (Difco 0140-07-4) 18
* To minimal media add the following supplements (final
concentration 50 µg/ml) and exclude the one that is encoded
by the plasmids to be transfected: leucine (Sigma; L-8125),
uracyl (Sigma; U-0750), tryptophan (Sigma; T-0271), methionine
(Sigma; M-2893), lysine (Sigma; L-5626), adenine (Sigma;
A-3159), histidine (Sigma; H-9511).
Table 3. YPD media
Constituent (manufacturer) Amount
Yeast extract (Difco 0127-17-9) 1%
Bacto peptone (Difco 0118-17-0) 2%
Glucose (Sigma; G8270) 2%
Bacto agar (Difco 0140-07-4) 18 g/500 ml
To each transfection tube, add 10 µl of preboiled, sheared
salmon-spermDNA (20mg/ml) togetherwith theDNAplas-
mid to be transfected (1–2 µg). Competent cells (180 µl) are
added to the DNA mixture followed by addition of 1.2 ml
LIPEG (40% PEG3350 in 100 mM LiAc/TE). The DNA–cell
mixture is incubated for 30min at 24◦C on a rotator. DMSO
is added (100 µl) to the transfection mix and incubated at
42◦C for 10 min. Cells are centrifuged for 1 min in an Ep-
pendorf centrifuge. The supernatant is discarded and the
cell pellet is resuspended in 1 M sorbitol (150 µl) and plated
on the appropriate Ynb plates incubated at 24–25◦C.
Replica plating
Use either an Accutran replica plater (Schleicher & Schuell;
70210) or reusable velvet for the transfer of microbial
colonies.
Screening protocol using the SRS
The flow chart of the screening protocol is depicted (Figure
1). Transfection is performed by single transfection of the
library plasmid to a cdc25-2 yeast strain containing the bait
and the GAP expression plasmids (Figure 1a, b). Cells are
grown overnight in Ynbmedia (3 ml starter) containing the
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appropriate amino acids and bases at 24◦C. Subsequently,
cells are transferred to 200 ml Ynb and grown overnight
(Figure 1c). Cells are then centrifuged and resuspended in
YPD media (200 ml) and grown for additional 3–5 h at
24◦C. Transfection is performed as described in methods
(Figure 1d). Transformants are plated on Ynb plates lack-
ing leucine, tryptophan and uracyl and incubated at 24◦C
for 4 days. Plates are then replica-plated onto Ynb galac-
tose plates and incubated at 36◦C for an additional 3 days
(Figure 1e). Colonies that exhibit efficient growth at 36◦C
are picked onto Ynb glucose plates and grown at 24◦C for
two days (Figure 1f). In order to determine the galactose-
dependent growth of the clones, the plate is replica-plated
onto a Ynb galactose plate and a YPD plate. Both plates are
incubated at 36◦C (Figure 1g). Clones that show efficient
growth on the galactose plate but not on the glucose plate
are considered ‘candidates’ and are further analyzed (Figure
1h and Figure 2). DNA is extracted from the cells (Ref. 8)
and transformed into bacteria. The library-derived plasmid,
containing the potential prey cDNA, is distinguished from
the bait plasmid by digestion with EcoRI–XhoI. The prey
plasmid is then reintroduced to cdc25-2 cells with either
the original bait or a non-relevant bait. Only those plas-
mids that display bait-specific growth at 36◦C are consid-
ered as ‘promising candidates’ (Figure 1i) and are further
characterized.
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Products Used
Yeast nitrogen without amino acids: Yeast ni-
trogen without amino acids from Difco
Galactose: Galactose from Sigma
Raffinose: Raffinose from Sigma
Bacto agar: Bacto agar from Difco
agar: agar from Difco
Yeast nitrogen without amino acids: Yeast ni-
trogen without amino acids from Difco
glucose: glucose from Merck
Glucose: Glucose from Sigma
glucose: glucose from Merck
Bacto agar: Bacto agar from Difco
agar: agar from Difco
leucine: leucine from Sigma
uracil: uracil from Sigma
tryptophan: tryptophan from Sigma
methionine: methionine from Sigma
lysine: lysine from Sigma
adenine: adenine from Sigma
histidine: histidine from Sigma
Yeast extract: Yeast extract from Difco
glucose: glucose from Merck
Glucose: Glucose from Sigma
glucose: glucose from Merck
Bacto agar: Bacto agar from Difco
agar: agar from Difco
Accutran replica plater: Accutran replica plater
from Schleicher & Schuell
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